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Introduction
As noted by the World Economic Council (1999) , and in Pachauri et al (2004) , in the past, energy was not usually considered as a part of basic human needs. However, in recent years there has been a consensus that access to modern energy forms is an important mechanism for the provision of healthcare, sanitation, water, and so forth, and at the same time it benefits development through more efficient provision of lighting, cooking, power, and transport, etc. (IEA, 2010) .
There has been an increasing focus in research on analyzing the importance of energy access and use and their links with income and poverty. For example, in some countries, such as Mexico, the availability of some forms of energy at the household level has been taken into account when measuring poverty from a multidimensional perspective; one such measure is "access to basic services in the household" (this involves mixing items together in the same indicator, for example, electricity, fuel for cooking, water, sewage, garbage collection, etc.).
Access to and use of energy are also related to inequality, since the share of payments for energy at different income levels differs substantially. Moreover, to the extent that energy subsidies are provided by public sources to all households, or that a social tariff may be designed for improving access to energy for certain social groups, the structure of the correlations between energy and income levels has to be studied to better target such public mechanisms, and to avoid regressive subsidies.
The effect of energy use on household poverty may run through several mechanisms. Kanagawa and Nakata (2007) aggregated four main lines where energy affects welfare: health, education, income, and environment. Barnes et al (2011) and Khandker et al (2012) analyzed the relation between income poverty and energy poverty in India and Bangladesh. Using different surveys the authors estimate a demand for energy at the household level, including income deciles, to determine at which decile there is an increase in the demand for energy. They find that households below the 5 th decile are considered to be energy poor. Other authors, such as Pereira et al (2010) , have focused on more aggregated effects, and analyze the effects of rural electrification at the local level on the decrease in energy poverty in Brazil.
Although Mexico is a middle income country, it still has high levels of poverty and inequality. In the past decade, moderate income poverty rates fell from 53.6% in 2000 to 42.7% in 2006, then increased again due to the economic crisis to 51.3% in 2010.
Despite such figures, provisions for general access to some forms of energy have increased; for example, households with electricity constitute 98.2% of the total according to the 2010 Census. Even though some energy subsidies are provided to consumers (i.e. gasoline subsidy), some of the subsidies have regressive effects, which benefit the richer groups more than the poor (UNDP, 2011) . Others have pointed at the regressivity of the subsidy for electricity (i.e. Yepez-Garcia et al, 2010) . Therefore, there is room to analyze to what extent households along the income distribution demand some forms of energy, and to suggest better targeting policies.
The National Development Plans of Mexico, which are the general guiding planes for each government term, have not addressed energy issues from a social point of view.
At most, the 2006-2012 Plan mentioned in a general manner a possible link between energy, hunger reduction, and food security, but did not investigate this further. In spite of this, in 2007 the anti-poverty program Oportunidades included in the cash transfer an extra amount of Mex$50 (about US$3.8) for poor households to spend on electricity, gas, and coal, among other things. For rural households receiving this extra amount from the anti-poverty program, energy represents about 13% of total monthly spending, second only to food (Gertler et al, 2009 ), a share that is common for all poor Latin American households (CEPAL, 2009).
However, there are no empirical studies that link energy use to income levels or to household characteristics for Mexico at the household level. Thus, this paper aims to fill this gap. The objective of the paper is to calculate the determinants of different sources of energy consumption at the household level for urban and rural Mexico, focusing on the effects of income levels. Our empirical hypothesis is that energy consumption increases with income but that the starting point differs for rural and urban households. In addition, we want to test whether household characteristics play a role in determining energy consumption, and when they do, they can be taken into account when designing a more targeted subsidy scheme.
To test our hypotheses, we first compare income with energy expenditure, and then apply both OLS with log of consumption and a Tobit model to calculate significant factors affecting energy expenditure and to separate the models for urban and rural households. Here, we are using microdata at the household level from the National Income Expenditure Surveys (ENIGH), which include sociodemographic characteristics of the households, as well as data for all energy consumption, including those for different energy sources (electricity, gas, LPG, gasoline, etc.). These surveys also includes income that is used for the official measures of poverty in Mexico.
The main contribution of the paper is to shed light on a topic that has been overlooked by Mexican public policies: the relation between income levels, some other characteristics, and the different forms of energy consumption. The paper addresses issues such as inequality in the use of energy and explores mechanisms that would allow better access to energy and determine optimal prices-a discussion that starts with the identification of characteristics at different income levels of the energy consumption in both urban and rural areas.
The paper will, first, review the corresponding literature relating household characteristics to demand for energy level; second, it will explain the data and the models for the analysis; third, it will present the results, and finally, it will offer conclusions and the implications of the results.
Literature review
The academic literature has addressed in several ways access to and use of energy in relation to household income and some specific outcomes. Access to several forms of energy and household development are linked in that higher use of energy fosters the generation of jobs while improving living conditions. Energy consumption may have an effect not only on living standards (World Bank, 2002) but also on aggregate welfare indicators such as those included in the Millenium Development Goals (i.e.
CEPAL, 2009), making energy provision one of the core mechanisms for public policy analysis of poverty reduction and income generation.
According to Kanagawa and Nakata (2007) , the use of energy, measured as that used for cooking, such as LPG, reduces the exposure of households to hazardous contaminants, increases the consumption of different types of foods and medicines, improves the distribution of time between household members, enables studying with more light, reduces the digital division, and moderates the use of wood as fuel, preventing deforestation. They argue that local electrification fosters households' entrepreneurship, increases the mechanization of local industry, which results in higher productivity, and generates local industry in rural areas. However, the authors do not establish a clear link between energy and household income, nor do they address the extent to which energy consumption results in a higher income or vice versa. 1 1 Causality between energy consumption and development indicators is also a matter of interest for policy derivation. At the national level, several studies have tried to discern such a relation, with mixed results since the work of Kraft and Kraft (1978) suggested that causality only runs from GNP to energy consumption. But the evidence has been more mixed than conclusive following Kraft and Kraft (1978) , and just examining some of them finds a likely problem of causality (as in Jumbe, 2004) , that energy consumption causes growth (i.e. Narayan and Smyth, 2008) , or that there is no relation between either variable (i.e. Akarka and Long, 1980) . Several others, for example Mahadevan and Asafu-Adjaye (2007) , find that energy consumption may affect growth during a short period, while causality going in both directions is mostly found in developed countries. Soytas and Sari (2003) , when analyzing countries in the G-7, also find different results according to what set of countries are included in the data. Perhaps the level of aggregation could be an explanation for the mixed results, as shown in the study by Abid and Sebri (2012) . At the household level, the challenge is higher due to the difficulty of finding exclusion variables. But as the IEA (2010) points out, causality runs mainly from income to energy use.
At the household level, other sets of analyses have been carried out. Joyeux and Ripple (2007) aggregated the residential demand for electricity worldwide. Rejecting cointegration tests between consumption of energy and GDP, the authors suggest that standards of living that are based on income usually omit some data regarding the use of residential energy.
The determinants of energy demand at the household level, as well as the variation of such determinants across income groups, are analyzed by Jamash and Meier (2010) for Britain. These authors use a panel of data for households over a period of 17 years.
They calculate Engel curves, finding an s-curve relationship between household income and energy spending. They also apply a model for energy consumption given a set of characteristics of the household, finding significant variations according to income levels, while low income households are less responsive to electricity prices but more responsive to gas price changes.
Other studies have focused on the importance of income and household characteristics for improving tariff schemes in gas and electricity sectors. Navajas (2007) conducted an analysis for Argentina using microdata concerning to what extent household energy consumption (natural gas and LPG), when prices are low, is less responsive to income than to household characteristics. The author applies log regressions to the household´s energy consumption, finding that household characteristics are the main determinants of consumption, and then suggests that the social tariff could be based on those factors. He also finds that there is a marginal improvement in welfare for low user tariff schemes.
Other studies have focused on how rural households increase their energy consumption according to the available income. In Barnes et al (2011) Our sample consists of 27,544 households, of which we exclude those not reporting energy consumption in the aggregate. We keep those with consumption of at least one of the energy sources. We also exclude those observations with no positive total income, and those with energy consumption above the total income of the household, which leaves 25,714 households in the sample for the analysis.
The ENIGH surveys record all energy consumption, but we exclude batteries, candles (all households with this expense have electricity too), diesel, and other energy sources such as paper, coal, and oil, since their expenditure share is too low for estimations. We do not consider wood either because quantities and prices are not available, only an amount if households paid for it, and the survey does not include collected wood. In addition, the share of expenditure is about 15% for the rural low income deciles, but is not relevant for other deciles or urban households.
We focus on LPG, natural gas, gasoline, and electricity. However, natural gas is only available in some urban municipalities where there is an authorized distributor.
Therefore, we restrict our analysis to households in urban areas with a distributor.
Confirmation on the locations of distributors was taken from the Commission for
Energy Regulation (Comision Reguladora de Energia, CRE).
2 At the state level, in 2010 only five states have a sampling that it is representative at the state level.
For our survey, we measure the income level of a household and the different sources of energy consumption. We follow the aggregation of different sources of income for the household members to determine the aggregated total income, and categorize it by income deciles for urban and rural households separately. We also calculate the expenditure for each of the energy sources for households reporting expenditure on at least one source of energy, leaving out of the sample households without energy consumption. 3
With regard to energy consumption, it may be difficult to derive conclusions on the comparable effects of income and household characteristics since each energy item has a different measure. In order to make a comparison between these different sources of energy consumption, we transform the expenditure to a measure of energy intensity, Kilograms of Oil Equivalent (KgOE), which is a standardized measure of energy that can be extracted from one kilogram of crude oil. This measure allows all data for energy consumption to be presented as comparable between sources of consumption. Also, the conversion to KgOE requires quantities of each type of energy used, and ENIGH only record the expenditure, so we extract prices from the Commission for Energy Regulation, calculate an approximated quantity for each energy type, and then convert it to KgOE.
We also have several characteristics of the household head, and of the household, in our estimations. All of the basic statistics are presented in the next table. 
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The basic statistics are split for urban and rural areas. In general, urban households have more domestic appliances (vehicles, refrigerators, stoves, washing machines, other appliances, fans, air conditioning, and heating), more dormitories, and betterquality houses than those in rural areas. Rural households have a larger share in regard to ownership, self-employment, male heads, indigenous individuals, and number of members. Energy consumption is always higher for urban households, and the total energy consumption for urban households (95 KgOE) is double that of rural households (48.6 KgOE).
As noted in Table 1 The graphic analysis shows that there is a spike in zero consumption, suggesting a censoring at zero when we divide by energy source, while for the total energy consumption all the responses are above zero consumption. The only distributions resembling a normal distribution are for electricity and the total energy consumption.
Therefore, in the section that discusses our model we address these issues in order to avoid possible biases or inconsistencies in the estimations derived from zero consumption of some energy types.
Preliminary relations
We calculate preliminary correlations between income deciles and the shares of expenditures in energy for households and total energy consumption in KgOE. In Figures 2 and 3 , we display the share of the households' energy expenditure to total expenditure, and also the percentage for each energy type, as a share of total energy expenditure in KgOE. 
Total observations 25714
Notes: For the distribution calculation, a logarithmic transformation is applied in order to reduce the dispersion of the data. However, to prevent the observations reporting no consumption becoming missing values, we add 1 to all observations in the corresponding variable and then the logarithmic transformation is applied. For urban areas, energy consumption as a share of total expenditure, represented by the line in the graph, accounts for about 9% in the lower deciles but above 10% for the three higher deciles. For rural households, it is about 8% in the lower deciles, and reaches about 12% in the top decile.
Figure 2
Source: own calculations using ENIGH 2010 In urban areas, the lower deciles consume more units of electricity, followed by LPG, gasoline, and natural gas, while the upper income levels consume more units of gasoline, followed by electricity, LPG, and natural gas. In rural areas, households in lower deciles consume more units of electricity, LPG, and gasoline, while upper income households use more units of gasoline, electricity, and LPG, in that order. 4 Since the KgOE measure allows for comparison of the same unit but for different energy consumption, Figures 4 and 5 show the units that average households in each decile consume in urban and rural areas. 4 Indirect consumption of gasoline or diesel through public services is not addressed here, since the payment is for the service (transportation, for example) and not for the raw material (gasoline). where it increases again only to slightly decrease at the upper levels. For rural households, the relation presents a wider s-shaped form, where it first experiences an almost flat relation, but then increases from about the middle of the curve. There is a slight change in upper levels but this continues to increase, though at a slow rate.
Figure 6
Source: own calculations using ENIGH 2010
Inflection points are different for rural and urban households. This suggests that relations between income and energy consumption are different in each area; energy is a necessary good in rural households, and policies helping to reach the inflection point would cover most of the households, while for urban households it would mostly be those in the lower income groups that were covered. For urban households, at the upper levels, the decreasing relation shows that energy can be seen as an inferior good.
To what extent are such relations significant? In the next section we apply our model to determine the demand for energy consumption at the household level, controlling for income levels but also for different geographical and socioeconomic characteristics of the households.
Model
Here we want to know the determinants of energy consumption (in KgOE) in households and, especially, the variation in consumption according to the income E is consumption units in KgOE of energy type i for household j X is a vector of sociodemographic characteristics of the household and its head H is the physical characteristics of the house.
I is income decile of the household j
This model could be implemented in logs with OLS; however, in all cases for different energy consumption, there are several households that do not consume such specific energy sources, and therefore having zeros in the variables and positive values for those that spend on the energy source is appropriate.
In this case, using OLS does not give consistent parameters as it is a censored sample and not representative of the population. For this reason, we implement the model using a Tobit specification, censored from below with zeros in the dependent variable (Cameron and Trivedi, 2005) , where, simplifying all dependent variables into x: E*=x´β+ε with error term:
Here the variance is constant across observations. There is a latent variable E* N(x´β, σ 2 ), where the observed E is given by:
-if E*<=0
In our case, as we have expenditure in energy, when E*<=0 then we have E=0. That is, we are censored on the left because of the zeros.
If income is not significant in explaining energy consumption, there is room to increase consumption in such households. In addition, as we control for other covariates, they can also be taken into account in more focused actions for subsidy provision, i.e. indigenous households, differentiation in regions, etc.
All variables included in the model were explained in the previous section about data.
The results are presented in the next section for the Tobit with log data as in the studies of Khandker et al (2012) and Barnes et al (2011) , and we also present the comparison results using OLS with logs in energy expenditure as in the studies of Navajas (2007) and Jamasb and Meier (2010) .
Results
In this section, we present the results for different energy sources, and the aggregated energy consumption, using both OLS and Tobit models, as explained in the previous section, for comparison. The sample is for households with a positive income as well as a positive total energy consumption, if it is lower than the income. The dependent variable is the normalized measure of KgOE, which allows for comparison of the same energy units for the different sources.
The sample for the OLS models is restricted to households with positive consumption in the total energy source, since we have to convert in logs. Results are presented for urban and rural areas separately, and using clustered standard errors at the state level with the sample weights. LPG and natural gas are separated in the regressions since natural gas is available in only a few urban areas. Regarding income deciles, for urban areas and when interpreting the Tobit model, there is an increasing effect of income and LPG consumption in KgOE, with an inflexion point between the 5 th and 6 th deciles, and again between the 7 th and 8 th deciles. For rural areas, there is also a positive relation, with an inflexion between the 6 th and 7 th deciles in the Tobit models. In this last case, significant relations start from the 3 rd quantile, showing a significant difference from the OLS, where significance is only in the last upper decile. Table 3 shows the results for natural gas consumption. In this case we only present results for urban areas where there is an authorized distributor. In the Tobit estimation, the geographical areas are significant in the north, compared to the center/south, suggesting that households in northern states consume more natural gas than households in other areas. Also, there are significant and positive effects from having heating and other machines, being owners of the house, the quality of the house, being self-employed, the larger number of household members, and the number of dormitories in the house, i.e. larger and better-quality houses consume more natural gas. Here, for income deciles, there is an increasing effect starting in the 6th decile and continuing to the upper deciles, with a slight reduction between the 8 th and 9 th deciles, and then it almost doubles from the 9 th to the 10 th decile. That is, natural gas is mostly an urban middle-and high-income energy good. It must be noted, though, that selection may be present in this case, since, when it is available, gas distribution is mainly found in middle-and high-income neighborhoods. Table 4 shows the results for the consumption of electricity in KgOE units. Here, a number of appliances and other household machines, as well as the quality of the houses, are correlated to electricity consumption. For example, according to the Tobit, having air conditioning increases consumption of electricity by 20.6 KgOE in urban households, or 19 KgOE in rural households. The better the house structure, the higher the consumption of electricity. Having a male household head seems to mean that less electricity is consumed in urban areas, but no significant relation is found in rural areas. Having more dormitories in houses in urban areas leads to more electricity consumption, but it is not significant in rural areas.
For electricity, there are substantial variations between OLS and Tobit models (although as mentioned here OLS may give inconsistent parameters) for rural households. In the OLS there is a significant increasing effect of income deciles on electricity demand. For Tobit this is only true in the upper decile. For the rural households, the Tobit shows a negative effect of income deciles on electricity demand, although it is not significant except at the upper decile where it is positive and significant. For the OLS, with a sample restricted to only those having a positive spend on electricity, the deciles are positive and significant at the upper levels.
Table 4: OLS and Tobit for household consumption on electricity
Although not significant, results for the Tobit may be due to two possible factors that are not mutually exclusive. First, the electricity supply is not constant in rural areas.
Second, the number of households not reporting electricity consumption increases with income. In order to check this last option, we use a probit model in which the For urban and rural households, the effect of deciles increases, except for a fall from the 4 th to the 5 th decile in rural households. For rural areas, the increasing effect of deciles becomes significant from the middle deciles to the upper levels. This is because, in rural areas, those in the lower deciles do not increase their consumption of gasoline in line with their income until they reach a middle decile level of income (the consumption for any household. In this case, such aggregation is relevant for public policies if in general they want to foster energy consumption without differentiating between the different sources. Larger households in urban areas with highly skilled heads consume more energy. For urban areas, there is a clear increasing effect of deciles on total energy demand. For rural areas, the significant effects start from the middle deciles and then there is a slight decrease between the 4 th and 5 th deciles, and between the 6 th and 7 th .
From these results, we can see that there is support for the hypotheses presented for analysis. According to whether we are looking at a rural or an urban area there is an increasing effect of income on energy consumption, and this includes variations according to household characteristics that can be considered for improving subsidies targeting. To some extent, the results for rural areas are similar to the results presented by Khandker, Barnes and Samad (2012) and Barnes, Khandker and Samad (2011) for rural India and Bangladesh, with elongated s-shaped curves between income deciles and total energy consumption. But for urban areas, the trend is different for Mexico as it is constantly increasing, while India still has a long s-shaped relation.
Moreover, as in the work of Navajas (2007) for Buenos Aires, we find for Mexico that not only is income important, but also household characteristics could be addressed for better targeting of those in need of different schemes of subsidies. In our results this is mostly derived from the geographical areas (the south and rural areas consuming less), and some characteristics are inherent to the household, such as being indigenous (less consumption) and the quality of the house (more consumption).
Conclusions
This paper has analyzed the relation between energy consumption and income levels, and other characteristics, in Mexican households. To the extent that subsidies are currently applied to energy sources for general consumption, or that a social tariff has to be designed, this issue becomes relevant for better targeting of public mechanisms.
Previous studies linking energy consumption and income have only focused on the extreme poor who receive conditional cash transfer schemes (i.e. Gertler et al., 2009 ).
We used microdata at the household level from the Income-Expenditure Surveys (ENIGH) 2010 for Mexico. The surveys record energy expenditure, income, and socioeconomic characteristics, among other things. We first calculated energy consumption standardized in KgOE, so that all results can be directly compared to each other. We then calculated relations between income and energy expenditure through Engel curves, then applied an econometric model to relate specific and total energy consumption to household characteristics and income levels through Tobit and OLS models. The preliminary relations show an s-shaped curve with slight variations for urban and rural households. For rural areas, the relation always increases.
The results from the econometric models show that, in general, there is an increasing relation between income levels and energy demand, with some exceptions, and that supports the hypothesis for this analysis. For total energy consumption, in urban areas there is a constant increasing and significant effect, while for rural areas the relation resembles an elongated s-shaped curve, with significant effects starting from the middle deciles and spreading to the upper ones. Rural electricity consumption shows a larger divergent trend from the other energy sources, since the model shows only the effects at the upper income levels. Gasoline consumption clearly increases with income, and urban households consume three times the amount of rural households. In addition, it should be noted that household characteristics are also relevant for targeting households that need to increase energy consumption but lack the means to do it on their own. The geographical area and indigenous status, as well as the size and quality of the houses are also relevant according to some of the energy data analyzed.
This may have some repercussions for policy design. In Mexico, gasoline is still highly subsidized and has regressive impacts (UNDP, 2011). In addition, designing a mechanism for fostering the use of different energy sources could take into account the variation in the income levels that was presented here and consider some of the relevant characteristics found in this analysis, such as the geographical location, indigenous status, and the quality of the house, etc.
Further studies could design other surveys for Mexico that include not only the amount spent on energy but also the specific quantities and quality, so the study could be improved with more specific surveys on the topic. In addition, the need to improve subsidies' mechanisms requires more research on what amounts can be subsidized for households based on the income decile as well as on their inherent characteristics, and, further, on how such policies to foster energy consumption fit into the protocols to reduce global warming.
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